To compare tension band wiring (TBW) with Knowles pinning for non-union of type-2 distal clavicle fractures. Methods. 22 men and 6 women aged 23 to 62 (mean, 39) years underwent TBW (n=17) or Knowles pinning (n=11) for non-union of type-2 distal clavicle fractures. Both techniques were supplemented with autogenic cancellous bone grafting. Functional outcome of the shoulder was evaluated using the Constant scoring system (maximum score, 100). Excellent (≥90) and good (≥80) scores were defined as satisfactory. results. Of the 28 patients, 25 were followed up for a mean of 2.6 (range, 1.1-4.2) years, whereas 3 were lost to follow-up. The median times to union were not significantly different between the TBW (n=15) and Knowles pinning (n=10) groups (4.0 vs. 4.3 months, p=0.94). Five non-unions treated with TBW had migration of the Kirschner wires, which was resolved by further restriction of shoulder motion. There were no other complications such as deep infection, non-unions, or malunions. All 25 patients achieved satisfactory full range of shoulder motion with minimal pain. conclusion. Both techniques achieved high rates of satisfactory outcome. TBW may result in Kirschner wire migration but is preferred for cases with a small distal fragment.
introduction Distal clavicle fractures account for 10 to 28% of all clavicle fractures. 1, 2 Conservative treatment may result in non-union in up to 50% of such fractures. Surgical treatment for type-2 distal clavicle fractures achieves higher union rates. [1] [2] [3] [4] Most non-unions are caused by negligence or failure of surgical treatment. 4, 5 Although some nonunions may be asymptomatic, surgical treatment is recommended. 2, [6] [7] [8] [9] Supplementation with cancellous bone grafting to provide stability and initiate osteogenesis is suggested. [10] [11] [12] Tension band wiring (TBW) and intramedullary Knowles pinning have high success rates in treating fresh type-2 distal clavicle fractures. 5, [13] [14] [15] These techniques are simple and involve a small dissection wound. However, in non-unions the bone is likely to be osteoporotic, and thus stability provided by either technique may be insufficient. This study compared both techniques in treating non-union of type-2 distal clavicle fractures.
Materials and Methods
From February 2000 to October 2009, 34 adult patients underwent TBW or Knowles pinning by a single surgeon for non-union of type-2 distal clavicle fractures secondary to negligence or treatment failure. The mean period since injury was 7 (range, [3] [4] [5] [6] [7] [8] [9] [10] [11] [12] [13] [14] months. In May 2006, Knowles pinning replaced TBW as treatment, owing to instances of Kirschner wire migration following the latter. Six of the patients in whom the distal fragment was too small to be stabilised with a Knowles pin were excluded, as were those treated with coracoclavicular ligament reconstruction. 8, 16, 17 Therefore, 22 men and 6 women aged 23 to 62 (mean, 39) years who underwent TBW (n=17) or Knowles pinning (n=11) for non-union of type-2 distal clavicle fractures were included (Table and Fig. 1 ). The initial fractures were caused by highenergy trauma such as motorcycle accidents, falls from a bicycle, and falls from a height. There were no open fractures or wound infections.
Under general anaesthesia with endotracheal intubation, patients were placed in a supine position. The affected shoulder was elevated with pads. Approximately 3 ml of a cancellous bone graft was harvested from the ipsilateral anterior iliac crest. A direct approach over the non-union site was used. The fracture gap was identified and local scar tissue was removed using a rongeur clamp. The proximal fragment was gently dissected and fracture reduction was attempted. The size of the distal fragment was evaluated. If a Knowles pin could be used, a bone outlet on the end of the distal fragment was created using a 2.4-mm Kirschner wire. A Knowles pin of adequate length was inserted retrogradely from the distal fragment to the proximal fragment.
For TBW, a horizontal bony canal was made with Postoperatively, a sling was used for 3 weeks. Patients were followed up at intervals of 4 to 6 weeks. Elevation of the arm above the shoulder was prohibited for 6 weeks. Exercise with a full range of shoulder motion was allowed after bone union. Union was defined as no pain or tenderness at the site and evidence of solid callus bridging of both fragments. 18 Patients were followed up annually after bone union.
Functional outcome of the shoulder was evaluated using the Constant scoring system. 19 The maximum score was 100 and included categories of pain (15) , activities in daily life (20) , range of motion (40), and muscle power (25) . Excellent (≥90) and good (≥80) scores were defined as satisfactory. Comparison between groups was made using the Mann-Whitney U test. A p value of <0.05 was considered statistically significant.
results
Of the 28 patients, 25 were followed up for a mean of 2.6 (range, 1.1-4.2) years, whereas 3 were lost to follow-up (Table) . All 25 non-unions healed with after a mean of 4.3 (range, 3-6) months. The median times to union did not differ significantly in the TBW (n=15) and Knowles pinning (n=10) groups (4.0 [range, 3.5-5.5] months vs. 4.3 [range, 3-6] months, p=0.94, Mann-Whitney U test).
Five patients with non-unions treated with TBW had migration of the Kirschner wires (Fig. 2) after a mean of 2.2 (range, 1-3) months, which was resolved by further restriction of shoulder motion. The mean time to union for these 5 patients was 4.6 (range, 3.5-5.5) months. There were no other complications such as deep infection, non-unions, or malunions. All 25 patients achieved satisfactory full range of shoulder motion with minimal pain. 
discussion
Surgical treatment for type-2 distal clavicle fractures usually results in complete recovery, regardless of whether the coracoclavicular ligament is torn or intact. 4, 9, 14, [20] [21] [22] [23] Factors favourable to bone union are a minimal gap, adequate stability, and sufficient nutritional supply. 24 Anatomically, the pectoralis major and the sternocleidomastoid insert onto the proximal third of the clavicle, whereas the trapezius and the deltoid insert onto the distal third. The middle third of the clavicle is free of muscle insertion on the anterior, posterior, and superior surfaces; only the subclavius inserts onto the inferior surface. [25] [26] [27] [28] For fractures of the middle third of the clavicle, all 3 favourable factors may be achieved without surgery. The gap between the fragments is usually small, as the short proximal fragment is weakly pulled upward by the sternocleidomastoid. 28 Contraction of the pectoralis major keeps the fragments close together. 2 Biomechanically, the fracture site is stable, as the short proximal fragment only induces a small torque. Biologically, fractures of the middle third of the clavicle are usually caused by indirect force with little damage to soft tissues. 28 With conservative treatment, vascularity is not compromised and adequate nutritional supply is maintained, and the union rate can be as high as 99%. 2, 7, 11, 28 In type-2 distal clavicle fractures, the proximal fragment is relatively long and the trapezius exerts a large force. 28, 29 Thus, a relatively large gap is caused by the displacement of the long proximal fragment. A long lever arm also introduces a large torque and leads to instability. Such fractures are usually caused by direct injuries and thus soft tissues are severely damaged. 5, 23 A non-union rate of up to 50% is reported when nonsurgical treatment is used. [1] [2] [3] [4] 18 Such non-union is generally atrophic, as the space between the fragments is occupied by scar tissue, local vascularity is severely compromised, and callus formation is minimal.
The goals of treatment for atrophic non-unions include minimising the gap between the fragments, providing sufficient stability, and initiating osteogenic potential. [10] [11] [12] In this study, both techniques achieved a high union rate and satisfactory shoulder function. The main disadvantage of TBW was the problem of Kirschner wire migration, as osteoporosis at the nonunion site may have compromised implant stability. Knowles pinning may therefore be a preferable choice, 14 but TBW should be used when the distal fragment is too small. The use of a smooth pin should be limited for non-unions.
For acute fractures, when the distal fragment is too small or comminuted, a Knowles pin may be inserted through the acromion with or without passage through the acromioclavicular joint. [13] [14] [15] However, this intra-articular technique may cause osteoarthritis. 15 Other techniques include the use of a hook plate and coracoclavicular ligament reconstruction. 4, 8, 16, 17, [20] [21] [22] [23] 29, 30 However, these techniques require a relatively extensive wound dissection, which may increase the likelihood of complications.
